Previous research on anatomical structures of pretreated betung bamboo (Dendrocalamus asper) using single culture of white-rot fungi has been investigated, which revealed that the pretreatment caused the decrease in the Runkel ratio as well as the coefficient rigidity and the increase in the flexibility ratio of their corresponding bamboo fibers. However, there is no study reported on the anatomical structure changes of them caused by pretreatment using mixed culture of white-rot fungi. This paper reports the results of the research on paper and pulp quality after different treatments. Pretreatment that used Trametes versicolor fungi and lasted for 45 days inflicted intensive fiber damages compared with those of untreated bamboo (control). Fresh and barkless betung bamboo chips of 2 year's old, and 1.6 cm in length, were inoculated by 10% of mixed culture of white-rot fungi inoculums stock for 30 and 45 days in room temperature. There were four treatment groups of mixed culture, i.e T. versicolor and P. ostreatus (TVPO); P. ostreatus and P. chrysosporium (POPC); P. chrysosporium and T.versicolor (PCTV); and P.chrysosporium, T.versicolor and P.ostreatus (TVPCPO). After the inoculation period, the chips were macerated into separate fibers using Scultze method to analyze the fiber dimension and its derived values. The fibers were then observed regarding their macro and microscopic structures by optical microscope. Mixed culture pretreatment of white-rot fungi accelerated improvement of fiber morphology and fiber derived value characteristics, except for Muhlsteph ratio. The fiber derived values of treated bamboo tended to improve compared to those of untreated bamboo, there by requiring milder pulping conditions. Accordingly, the treated bamboo would indicatively produce a good quality pulp (grade I) based on FAO and LPHH (Forest Product Research Report) requirements. Co-culture treatment using P. chrysosporium and P. ostreatus for 45 days produced the best fiber dimension and its derived value properties. The fungi hypae colonized on the surface area of bamboo followed by mycelium penetration into substrate (bamboo-inner structure). The partial degradation caused by delignification indicatively attributed to the fungi activity was shown in the macroscopic images.
The lignin content of the lignocellulose materials for pulp and paper is undesirable therefore it should be substantially reduced to particular level before utilizing it by using either conventional or non conventional processes Recently, biological pretreatment that included non-conventional approach is more interesting concurrent with the increasing concerns of environmental impacts. In the biological pretreatment of the lignocellulosic materials, white-rot fungi are utilized to split the complex bond of cellulose-lignin by extraction or decomposition of the lignin (Zadrazil et al., 1999) . These fungi are known micro organisms being able to remove the lignin efficiently from plant cell walls (Haakala et al., 2005; Akhtar et al., 1998). These fungi secrete the lignolytic enzymes that penetrate into the plant tissues and further p e r f o r m t h e d e g r a d i n g a c t i o n o n t h e lignocellulosic substrate (Messner and Srebtonik, 1994; Kirk et al.,1980) . In metabolizing (e.g. depolimerizing and breaking down) the lignin polymers, a few of the white-rot fungi also unavoidably degrade the carbohydrate polymer in plant tissues (Blanchette, 1991; Istek, 2006) . Thorough selection (screening) of white-rot fungi which has high delignification selectivity was an important step to improve the high yield in biopulping process.
In general, single culture of white-rot fungi in liquid inoculums is commonly used in the biological pretreatment of lignocellulosic materials. Cereperiopsis subvermispora is a well known fungus that has high delignification selectivity in many solid substrates, but this fungus did not grow well on betung bamboo. The other fungi such as Trametes versicolor, Phanerochaete chrysosporium, Pleurotusostreatus, Schizophylum commmune have been applied both in single culture inoculums using bamboo as substrate (Fatriasari et In wood and many other micro structure environments, fungi are commonly living and growing in a symbiotic system or in an interaction. Mixed fungi cultures could lead to a higher enzyme production through synergistic interactions, but the final result seems to depend on the combination of the used particular fungi species, the mode of interaction between species, and the micro structure environments or nutritional conditions in the lignocellulosic substrate under colonization (Gutierrez-Correa and Tengerdy, 1997 in Chie et al., 2007). The previous study employing mixed culture of white-rot fungi pretreatment on betung bamboo, which was later pulped using alkali process, showed that the co-culture of two white-rot fungi species produced pulp with better pulp properties, compared to the properties of pulp from corresponding bamboo, which was pretreated with the mixing of three fungi inoculums. The best synergetic interaction was found on co-culturing P. chrysosporium and T. versicolor inoculums for 45 days. This study was conducted to investigate the possible pattern changes in anatomical and morphological characteristics of betung bamboo, attributed to the mixed fungi culture pretreatment.
II. METHODOLOGY

A. Preparation of materials
Fresh, bark-less of 2 years old betung bamboo ( D e n d r o c a l a m u s a s p e r ) , o r i g i n a t i n g f r o m Nanggewer, Cibinong was cut to smaller sizes using a drum chipper and hammer-mill to obtain bamboo chips of about ± 1.6 cm in length. The chips were then stored in a refrigerator to avoid microorganism contamination. Afterwards, they were kept for 24 hours at room temperature, and then sterilized in an autoclave for 45 minutes at 0 121 C before fungi application.
B. Biological pretreatment
Trametes versicolor, Phanerochaete chrysosporium and Pleurotus ostreatus fungi inoculums were separately cultured on malt extract agar (MEA) slant (10.65 grams of MEA in 300 ml aquades) for 7-14 days. Five ml of the JIS (Japan Industrial Standard) broth medium, which was made by adding 3 g KH PO , heating process took 12-24 hours to ensure the complete separation of fiber-to-fiber (interfiber) bonds or other lignocellulosic tissues into individual cells. The separated fibers were afterwards washed by water, and then were colored by safranin-O. To examine the fiber dimensions, the separated cells were placed on the object glass; ethanol-glycerin was then added, and the cells were evenly spread using a coarse needle before closing the object glass with cover glass. The sample was then ready for microscopic observation to measure the fiber dimensions of both the fungi-pretreated bamboo as well as the untreated bamboo (as control). Fiber dimensions measured included fiber length, lumen diameter, fiber diameter, and cellwall thicknesses. The measurement for fiber length was performed 30 times, while for diameters and thicknesses 15 times to obtain their average values. The values of fiber dimensions were then used to calculate their derived values of Runkel ratio, felting power, Muhlsteph ratio, coefficient of rigidity and flexibility ratio. In addition, the macroscopic and microscopic characteristics of the intact bamboo tissues (not macerated) were also observed using optical microscope. Such observation was performed by viewing the cross-sectional characteristics of bamboo sample to obtain the microscopic features of its tissues.
III. RESULT AND DISCUSSION
Fiber dimension and its derived value are important indicators to predict the traits of the resulting pulp and paper. Fiber length of treated bamboo was up to 2 mm (Table 1) , and therefore it was categorized as long-fiber and it was judged as grade-I based on the criteria for Indonesia's woods as raw materials for pulp and paper. (Table 1) . Coculture of both POPC and TVPO showed the most intensive activity as indicated by the substantial decrease in bamboo cell-wall thickness. A thick cell wall causes formation of rough and thick paper sheet with high tear strength, but the tensile and folding strengths were predictably low. A thick fiber-wall tends to maintain its rigid and round shape during the sheet formation. This situation can complicate the fibrillation process during the beating/refining actions of lignocellulosic fibers (Casey, 1980). The lower inter fiber bonding between fibers with thick cell wall is caused by two reasons. First, the paper sheet is formed on the weight basis, therefore the number of fibers in the sheet (as retained on the forming wire) is inversely proportional to the density of the cell wall; and second, a thick cell wall has a smaller surface area per weight unit than thin cell wall. Accordingly, the fibers with thick cell wall explain their small possibility to form perfect inter fiber bonding (Haygreen and Bowyer, 1996) . In general, fungi pretreatment resulted in as light decrease in bamboo fiber length, as compared to that of untreated bamboo (control) ( Table 1) , and therefore were categorized as longfiber. Further, the fiber length of pretreated bamboo by PCPO for 45 days exhibited the highest value; mean while the TVPC pretreatment for 30 days produced the lowest value in fiber length (Table 1) . It means that co-culture of TVPC for 30 days indicatively performed the most intensive delignification activity. A long fiber will enhance its flexibility and provide better fiberentanglement and greater contact-surface area, and therefore accelerate a better inter fiber bonding formation through hydrogen bond in the paper forming process. Therefore, the longer the fiber, the better the paper properties. The fiber length and fiber derived value such as flexibility ratio affected positively the tear, tensile index and folding endurance (Pasaribu and Tampubolon, 2007) . The tear strength is strongly influenced by fiber length and directly related until the fiber length reaches 4-5 mm. A good inter fiber bonding causes a formed paper-sheet with high tear strength and impenetrable to light (Haygreen and Bowyer, 1996) . Long fiber also produces the sheet with higher tear strength, as it is related to the formation of the fiber-to-fiber bonding of the wider contact-surface area than short fiber ( (1) antagonistic interaction that produces more rapid exploitation of nutrition, parasitism, (2) other forms of interaction deadlock which are typically no fungal hypae that penetrate into the substrate; and (3) synergistic interaction in which the fungi play a role in the interaction of degrading the same substrate (Boddy, 2000) . Therefore, the phenomenon of the decreased fiber length, cell wall thicknesses as well as the increased lumen and fiber diameter might occur where the species of fungus act synergistically/mutualistically.
The requirements of the ligno-cellulosic fiber as raw material for pulp and paper with respect to fiber dimension and its derived values, and the results of bamboo-fiber scoring based on its fiber dimension/derived value are presented in Table 2 . The pulp and paper properties are also influenced by fiber derived values. These values/parameters mostly affect the physical properties of the paper sheet. As an example, Runkell ratio is the ratio of the cell wall thickness to lumen diameter, where the value/ratio less than or equal to one is considered very good for the paper.
Fibrillation can be used to improve fiber-tofiber contact. A high Runkel ratio indicates that fibers are more resistant to external forces (milling, pressing and drying), and they are harder to form into paper sheet. Pretreated bamboo by mixed culture of WRF showed a good fiber derived value, and the pulp quality was judged as grade I based on FAO and LPHH criteria with the total score of 525. There was no significant difference in fiber derived values between treatment combinations (mixed culture) of WRF. It means that the treated bamboo materials will predictably produce pulp and paper with good satisfactory properties.
In comparison with the untreated bamboo samples (Fatriasari and Hermiati, 2008) , all treatments with fungi caused positive effect in decreasing the Runkell ratio and the coefficient of rigidity, as well as increasing the flexibility ratio. Coefficient of rigidity is the ratio between cell wall thickness and fiber diameter. This coefficient was expected to have a negative correlation with tensile strength of paper. Almost all of the pretreated bamboos gave pulp with lower coefficient of rigidity. There is a sharp decline in this coefficient/value compared with that of untreated bamboo (Fatriasari and Hermiati, 2008) . Such favorable phenomena could occur on pretreated bamboo with mixed culture of WRF, as it resulted in the thinning of the cell-wall thickness and the widening of fiber diameter. On the other hand, the longer incubation period tended to decline the value of rigidity coefficient. This can be understood as the longer the period, the more intensive the depolymerization of lignin structure, rendering the bamboo fiber less rigid (un-rigid). Un-rigid fibers can provide better fiber-to-fiber bonding, thereby yielding paper sheet with good qualities of internal bond.
The ratio of lumen diameter to fiber diameter can be expressed as felting power/slenderness. The higher the ratio, the better the formation of inter fiber bonding in the paper sheet (Rhamdani, 1994). The fibers of the treated bamboo apparently had loose arrangement, thereby predictably giving paper sheet with lower tear index. A sharp increase in Muhlsteph ratio occurred to all fibers of pretreated bamboo; however the longer incubation time tended to decrease such ratio regardless of kinds/species of fungi. The lower Muhlstep ratio usually leads to the lowering of folding-endurance of pulp/paper sheet (Rhamdani, 1994), and therefore causes unsatisfactory quality of the product. Tear strength of the pulp/paper is closely related to the felting power of the fiber, that is the higher the power the greater the tear strength. Intensive as well as perfect interfiber bonding produces paper sheet with high tear strength and density (Haygreen and Bowyer, 1996) . Considering the convenient derived values of treated bamboo fibers with the four co-culture treatments, i.e. TVPC, POPC, TVPO, and TVPCPO (Tables 1 and 3) , expectedly this enables the treated bamboo fibers to produce paper sheet with high breaking length up to a particular extent. This is because, based on previous experiment, there is a parabolic-shaped correlation between those derived values and breaking length. Further more, flexibility ratio is the ratio of lumen diameter to fiber diameter, whereby the higher the ratio the bigger the lumen diameter and smaller the fiber diameter. Lignocellulosic fibers with higher flexibility ratio can provide greater breaking length for the paper sheet.
Based on this scoring data of bamboo fibers, bamboo pretreated by POPC for 45 days incubation exhibited the most-convenient fiber dimension and fiber derived values (Tables 1 and  3 ) with its score reaching 63.
The study reported by Fatriasari et al. (2010) , showed that TVPC pretreatment for 45 days, prior to the kraft pulping produced the pulp with the best properties. Besides, the co-culture using two kinds of WRF provided pulp with better performance than the mixing of three kinds (species) of fungi inoculums into the bamboo-fiber-containing substrate, although its fiber derived value did not achieve the best score. In this study, inoculum mixing of PC, TV and PO also showed good anatomical properties. It indicated that pulp properties were affected by the employed pulping condition.
The figure below show the macroscopic and microscopic images of bamboo tissues under white-rot fungi treatment. The image indicates that the degradation patterns as occurred were caused by fungi activity in the substrate (A-H). and C. subvermispora in aspen wood chips showed that P. chrysosporium grew well on both across the chip surfaces and throughout the cell wall. Degradation of cell wall possibly occurred. As such, the fungi might sustain the decolonization in all planes of the xylem tissue causing its decay, firstly via the vessels and later on via ray parenchyma. The decay captured the nutrient that was reserved within ray parenchyma and then colonized it to be distributed to the fungal mycelium throughout the sapwood. (Akhtar et al., 1998). Therefore, to clearly identify the changes on the cell walls degradation, further examination using the ultra-structural technique is necessary. The maceration of mixed-culture-treated bamboo-fiber caused the bundles of fiber to separate through their common cell-wall into single (individual) fibers (Figure 2) . The fungi degrading action that caused the physical damage to single bamboo fibers occurred mainly in pretreated bamboo by T. versicolor for 45 days (Fatriasari et al., 2012) . However on the mixed culture fungi treatment, there seemed to be no significant difference in the effect among the mixed culture treatment on the fiber separation.
IV. CONCLUSION
Implementation of mixed culture of various w h i t e -r o t f u n g i s p e c i e s e n h a n c e d t h e performance of fiber morphology (i.e. fiber dimensions and their derived value). As such, there was a decrease consecutively in bamboo fiber length, cell wall thicknesses, while with respect to the fiber and its lumen diameter, the changes were on contrary. Compared to the untreated bamboo, all the fiber-dimensionderived values of the fungi-treated materials tended to improve (positively affecting the pulp and paper properties), except for Muhlsteph ratio. As such, the treated bamboo would indicatively require milder pulping condition, thereby lessening fiber degradation; and hence predictably producing a good quality pulp (grade I) based on FAO and LPHH requirements. The combination of P. chrysosporium and P. ostreatus treatment for 45 days provided the bamboo with the best fiber dimension and its derived values were most satisfactory. The white-rot fungi grew well on the bamboo substrate, and the corresponding fungi hypae were colonized on the bamboo-surface area followed by the mycelium penetration into the substrate. The evidence of this partial degradation in the fungi-treated bamboo caused by lignin depolymeri-zation (compared to the untreated bamboo) was shown by the related macroscopic images. 
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